On the bases of the Gibbs-Bogoliubov (GB) inequality and the Percus-Yevick (PY) hard sphere model as a reference system, a thermodynamic perturbation method has been applied with use of well recognized model potential. By applying a variation method the best hard core diameters have been found which correspond to minimum free energy. 
INTRODUCTION
The theoretical basis for an understanding of the thermodynamics of simple liquid metals has been forged in recent years to a point where it can be used to calculate the thermodynamics properties with some success [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This advance has been made possible due to the combination of the pseudopotential with thermodynamics perturbation theories. The pseudopotential, theory enables one to formulate the energy in terms of the pseudopotential and of the structure factor [14] . On the other side it is possible to write down closed form expressions for the thermodynamic quantities of hard sphere systems, including the structure factor, in the Percus-Yevick (PY) approximation [15] . A link between both theories is provided by a variational technique based on the Gibbs-Bogoliubov (GB) inequality [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . This Gibbs-Bogoliubov (GB) inequality states that when the Hamiltonian of a given system is regarded as the Hamiltonian of a reference system plus a perturbation, the free energy of the system will always be smaller than that of the reference system plus the expectation values of the perturbation (calculated with the structure factors of the reference system). In our case, the reference system is one of the hard spheres, and the hard sphere diameters will be chosen to minimize the free energy.
The theory is readily generalized to binary liquid systems, closed form expressions for the thermodynamics of hard sphere mixtures being available [15] . So far however, difficulties connected with the pseudopotential description of binary systems have prevented a widespread use of this scheme for alloy calculations. The papers of Stroud [5] on the phase separation in lithium-sodium, of Umar et al. [6] on the enthalpy and entropy of sodium -potassium, of Stevenson [7] on liquid hydrogen-helium, Jordar et al. [8] on noble metal alloys, and of Hafner [1] on some liquid mixtures are, to our knowledge, the only comprehensive calculations for alloys. On the other side, the theory has been used by Umar et al. [9, 10] and Yokoyama et al. [11] to parameterize the excess entropy of formation of binary alloys in terms of the pseudopotential and hard sphere parameters. It emerges from these investigations that the excess entropy of binary alloys depends very largely on the excess volume of formation. In the above mentioned alloy calculations, the volume of formation has either been neglected [6] or taken from experiment [9] [10] [11] . Stevenson [7] predicts a small negative volume of formation for hydrogen-helium mixtures. Jordar et al. [8] have been noted that the poor agreements between theoretical and experimental heats of mixing may be due to the potential parameter and the dielectric function. Ab initio calculations of the structure and thermodynamic properties of simple liquid metals and alloys are presented by Hafner [1] . Though the theoretical formulation for investigating the Helmhöltz free energy of alloys is very straight forward, from the pseudopotential point of view, the results of only Na-based equiatomic alloys have been found during literature survey [12, 13] .
In this paper, we consider a method for the calculation of liquid alloys noble metals. This method has been used for Na-K alloys by Umar et al. [6] . The basic theories comprised three areas. First, there is a theory of pseudopotential developed by Harrison, and the pseudopotential form factors of noble metals have been also obtained by Harrison [14] . This enables one to write the energy of an alloy. It is well known that the empty core model potential of Ashcroft [16] is not applicable to noble metals. We have used well recognized single parametric model potential of Gajjar et al. [17] in the present computation. The modified Hartree dielectric function [14] together with the exchange and correlation effects proposed by Hartree (H) [14] , Taylor (T) [18] , Ichimaru-Utsumi (IU) [19] , Farid et al. (F) [20] and Sarkar et al. (S) [21] of the conduction electrons generates good energy wave number characteristics.
The thermodynamics of the hard sphere system studied extensively by Labowitz [22] is the second area of interest. It has been shown by several workers [23] that for pure metals the structure closely resembles those for hard spheres. As a result, it is now possible to write in closed form for the PY approximation for obtaining thermodynamic quantities including partial structure factors and free energies for mixtures of hard spheres. There is an indication also that such structure factors might be useful for the interpretation of X-ray and neutron form factors in at least some binary alloys [15] . In this connection it may be pointed out that calculation have been performed for obtaining the thermodynamic properties of liquid noble metals through a pseudopotential approach.
Finally, the results of hard spheres are linked up with the pseudopotential technique through the Gibbs-Bogoliubov (GB) inequality [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The thermodynamic properties are then generated on a perturbation method associated with the GibbsBogoliubov (GB) inequality with PY reference system.
COMPUTATIONAL METHODOLOGY
The well recognized model potential of Gajjar et al. [17] employed in the present study has the form (in r -space) 
This form has feature of a Coulombic term out side the core and varying cancellation due to a repulsive and an attractive contribution to the potential within the core. Hence it is assumed that the potential within the core should not be zero nor constant but it should very as a function of r . Thus the model potential has the novel feature of representing varying cancellation of potential within the core over and above its continuity and weak nature. The wave number representation of the model potential is [17] ( ) Zn Z n Z n = + , the mean average valence electron density [6] . The electronic free energy of the alloy for some fixed configuration is obtained by [6] 
Where, eg F is the free energy of the electron gas, 1 F and 2 F are obtained via first and second order pseudopotential theory. By adding direct Coulomb interaction between ions, one obtains the effective potential energy for the ion system. We need only the expectation value of this effective potential averaged over some reference system, which is given by [6] 
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I is obtained by interchanging 1 1 , η σ with 2 2 , η σ in the expression for 11 I . The packing fraction, η , of the alloy is expressed as [15] ( )
Using zeroth Fourier component of the bare pseudopotential 1 F is obtained. 
The second order or band structure energy 
The ( ) q ε is the modified Hartree dielectric screening function which is often written [14] ( ) 
While ( ) G y is the local field correction function. In the present investigation, the local field correction functions due to H [14] , T [18] , IU [19] , F [20] and S [21] are incorporated to see the impact of exchange and correlation effects. The details of the local field corrections are narrated below.
is the second order correction to the usual γ factor describing the low temperature electronic specific heat and is given by [6] , ( ) 
with, 
The free energy per particle of the mixture can be written as [6] , 
here ( ) 
Where, 
where , 
( ) ( ) 
The Helmhöltz free energy ( F ) per ion of the alloy is given as [6] ps hs
Hard sphere diameters are obtained by minimizing the Helmhöltz free energy ( F ) treating η as the variation parameter [6, 8] ,
Thus, the above condition directly gives the free energy, internal energy and entropy (or excess entropy). The heat of mixing is calculated from the equation below [6, 8] ,
where,
i denotes eg , 1, 2 and M .
( )
and 2 C x = are the concentrations of the metallic elements. Also, A and B stand for constituent elements. The excess entropy
here,
In equation (32) i corresponds to gas , η and σ terms. 144
RESULTS AND DISCUSSION
All the computations have been performed for the equiatomic liquid noble metal alloys. The input parameters and constants used in the present investigation of the thermodynamic properties are tabulated in Tables 1-2 . The effective valance has been taken as one in all the components and all quantities are expressed in atomic units. The results of this variational calculation are shown in Tables 3-7 for equiatomic composition. As usual, the pure metal packing density is one shrinks and in the other expands. The entropy of formation and heat of mixing (Table 7) have been calculated for this composition. The entropy of formation is quite satisfactory. The heat of mixing is comparatively a very high energy and values are not unreasonable with the available data [8] . The higher values of the heat of mixing for equiatomic liquid noble metal alloys may be due to the large contribution to it from the first order energy term. This may be because of the assumption of ideal mixing which may not be valid in the alloys. The heat of mixing of the equiatomic Ag-Cu is found in qualitative agreement with the others either experimental of theoretical [8] .
It is seen from Table 3 that S η is negative while rests of the contributions are positive. The maximum contribution to the total entropy comes from the term gas S while minimum from S η which depends only on the value of packing density η .
The contribution of gas S increases the absolute value of the total entropy whereas S η tends to decrease the total entropy of the system. As we have already stated that c S is the ideal entropy of mixing, its magnitude remains same for all equiatomic liquid noble metal alloys. All the contributions of the entropy are independent of model potential used in the present investigation as well as not influenced by the nature of the exchange and correlation functions. Here we use PY partial structure factor [15] to describe the structural behaviour. It is seen that the local field correction functions affect the term 2 F only, which is the second order band structure energies.
It is noticed that the major contribution to the internal energy comes from the structural part of the energy. The magnitude of the Madelung energy M F , is quite large, in comparison with other energy terms. Its magnitude decreases with an increase in the atomic fraction of the heavier element. The energy of the electron gas eg F , in the mixture varies slightly with respect to temperature of the metallic elements. The negative contribution to the energy comes from the first-order pseudopotential term 1 F , which decreases as we increase the concentration of the heavier element. The modulus of the band structure energy 2 F has a maximum in the intermediate range of concentration. However, the aggregate effects of different energy terms are such that the total internal energy of the system is found to be almost a linear. And hence, the Helmhöltz free energy ( ) F of the system is also found to be almost a linear nature for most of the alloys. It is seen that the exchange and correlations 
( )
F obtained due to the T, IU and S-local field correction functions lies between those obtained due to H and F-local field correction functions, in general. As the volume of a particular system increases, it decreases the magnitude of the internal energy as well as the Helmhöltz free energy ( ) F of the system. The percentile influence of the various local field correction functions with respect to the static H-screening function on 1 F is observed in the range of 14.28%-30% for Cu-Ag alloys, 7.54%-32.08% for Ag-Au alloys and 16%-34% for Cu-Ag alloys, respectively. While those influences on F is observed in the range of 0.18%-0.39% for Cu-Ag alloys, 0.17%-0.39% for Ag-Au alloys and 0.15%-0.33% for Cu-Ag alloys, respectively. The percentile influence of the various local field correction functions with respect to the static H-screening function on heat of mixing is observed in the range of 81.29%-84.21% for Cu-Ag alloys, 0%-61.45% for Ag-Au alloys and 72.40%-79.48% for Cu-Ag alloys, respectively. The calculated results of the excess entropy for Cu-Ag, Ag-Au and Cu-Ag alloys deviate in the range of 23.35%, 56.31% and 50.93% from the experimental findings, respectively.
A shrinkage of about 4.5% at this composition gives a result which agrees well with the experiment and this shrinkage may not be unreasonable. Also, Ashcroft-Langreth [15] pointed out, it is to be noted that the core radius of the bare ion potential was fitted to the experimental data at 2 F q k = , and therefore there is uncertainty in the behaviour of ( ) W q at 0 q = . Therefore, i α of equation (11) may be viewed as an independent parameter can be chosen to fit some further property, say, internal energy ( ) F for pure liquid, and then this parameter may be used in the alloy calculation. Jordar et al. [8] has pointed out that, such a calculation in the case of the Ag-Cu alloy is possible but in view of the unavailability of volume shrinkage data, which is not necessary in the calculation.
As already pointed out the volume shrinkage of about 4.5% alone, which is not unreasonable, can give a good results even with the potential parameters fitted at 2 F q k = . The fitting procedure certainly suffers from a serious lack of knowledge of pseudopotential behavior at small q , and it is assumed that there are no important contributions to the energy above the second order in the pseudopotential.
Thus, in this work we have shown that a local pseudopotential with an appropriate dielectric screening function can be applied to the liquid metal alloys with reasonable accuracy. The validity of pseudopotential theory for alloys is questionable, particularly with the evidence that the pseudopotential theory becomes less reliable in alloys where the valance difference increases [8] . The hard sphere structure factors for these liquid noble metal alloys are quite satisfactory. Thus this calculation shows an energy separation between non-structural and structural energies expressed as a sum of pairwise interactions between ions. Indeed, the quantitative difference between experimental and reference structure factors which is not much is not very strongly reflected in the thermodynamics because of the fact that these properties depend on integrals of the structure factors [8] .
CONCLUSIONS
In conclusion, we can infer that the presently well recognized model potential with five local field correction functions due to H, T, IU, F and S gives comparable entropies of formation and heat of mixing for liquid noble metals alloys.
